We claim: 



1. 



CLAIMS 



t 



A beverage dispenser, comprising: 
beverage dispenser components/ comprising at least: 
a user interface, 
a dispensing valve, arfd 

a valve interface fojf regulating the delivery of a beverage from the 
dispensing valve; and 
an electronic control sys/ep^comprising: 

a microcontmflrfr for monitoringtfhe user interface and for activating the 
valve interface p6spon/ive to user inpiiy thereby regulating the delivery of a 
beverage frofa the dispensing valv/aAd 

aerogram rrfemory includin ^firmware configured in a state machine 
systeny architecture for controlling the microcontroller. 
2. The Beverage dispenser according jo claim 1, wherein the state machine system 
architecture supports a nonWemptivfe multitasking real time operating system. 



3. The beverage/dispenser according 



to claim 1 , wherein the state machine system 



architecture supportV^^isyifiptive multitasking r .jal time operating system. 



The beverage dispenser according 



to claim 1 , wherein the firmware comprises 



supervisory control firm/Ware, dispenser tasks firmware, and low level drivers firmware. 

5. The beverage dispenser according to claim 1, wherein the firmware comprises 
dispenser tasks firm Ware for directing the microcontroller during the performance of tasks 
associated with beverage dispenser operation. 
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6. The beverage dispenser according to claim 5, whereir/the dispenser tasks 
firmware comprises a state machine for each task associated with/beverage dispenser operation. 

7. The beverage dispenser according to claim 6, Wherein the firmware comprises 
supervisory control firmware for calling each state machin/ of the dispenser tasks firmware. 

8. The beverage dispenser according to claim 6, wherein the firmware comprises 
supervisory control firmware for coordinating the activities and communications between each 
state machine of the dispenser tasks firmware: / / 

9. The beverage dispenser^ccording to claimi, wherein the firmware comprises 
low level drivers firmware that interfaces the/lispenser tlsks firmware with the microcontroller. 

1 0. The beverage/ispenser according to oWim 5, wherein the firmware comprises 
low level drivers firmware that interfaced the dispen/er tasks firmware with dedicated peripherals 
of the microcontroller/ / / I 

1 1 . Theybeverage dispenser according to claim 1 , wherein the firmware comprises 
low level drivers firmware that interfiles the microcontroller with the beverage dispenser 
components. / // 

1 2. the beverageJispenser accordinj ; to claim 4, wherein changing beverage 
dispenser componenTsrequ/res modification of the low level drivers firmware without any 
corresponding modification of the supervisory control firmware and the dispenser tasks 
firmware. / 

1 3 . The beSverage dispenser according to claim 4, wherein adding beverage dispenser 
components requires modification of the low level drivers firmware and addition of a dispenser 
tasks firmware state machine and corresponding modification of the supervisory control 
firmware without modification of existing dispenser tasks firmware state machines. 



14. The beverage dispenser according to claim 4, wherejA changing to a different 
valve interface requires modification of the low level drivers firmware and substitution of a 
dispenser tasks firmware state machine assoda>d < vvim _ th^different valve interface without any 
corresponding modification of the supervisory contro/firmviare and other dispenser tasks 
firmware state machines. 

15. The beverage dispenser according t^ claim 4, wherein changing ratio control 
parameters associated/Vith a beverage disnfense^equires modification of a beverage dispense 
state machine of the dispenser tasks fiyhwar/ \vithout any corresponding modification of the 
supervisory con/rol firmware, the lpw leyil d/ivers firmware, and other dispenser tasks firmware 
state machines. i 

16. / The beverage iispe^ser according to claim 4, wherein changing a beverage 
dispense ritio through phvfeicaLfneans requires substituting components of the valve interface 
without any corresponding rrfodification of the supervisory control firmware, the dispenser tasks 

, and the low level drivers firmware. 

beverage dispenser acc jrding to claim 1 1, wherein the electronic control 

any beverage dispenser with modification of only the 
low level drivers to permit interfacing of thle microcontroller to beverage dispenser components. 

1 J. The beverage dispenser according to claim 4, wherein changing electronic control 
system/hardware requires modification of the low level drivers firmware without any 
corresponding modification of the supervisory control firmware and the dispenser tasks 
ficmware. 



firmware. 
17. 

system is configured for implementation ii 
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1 9. The beverage dispenser according to claim 4, wherein adding electronic control 
system hardware requires modification of the low level drivers firmware and addition of a 
dispenser tasks firmware state machine and corresponding modification of the supervisory 
control firmware without modification of existing dispenser ^sks firmware state machines. 

20. The beverage dispenser according to^laif^V whereinW electronic control 
system further comprises an interface to penn^mm^nicationyith external devices. 

21. The beverage dispenser^cording t/ ;laim 20 //herein the interface comprises an 
RS-232 interface. 

22 . The beveragedlspenser according to dairr/ 1 , wherein the electronic control 
system further comprises/device interface that Dermits/the electronic control system to monitor 
and control a wide varj£ty of devices ^ached/fo the b/verage dispenser. 

23. The beverage dispenser ac^rding to c/aim 1 , wherein the electronic control 
system further comprises a modern ^permit communication with remotely located external 
devices. 



24. Thebev4 



claim 1 , wherein the electronic control 



dispenser according to 

system further comprise^ power supply to furnish |he power levels required by the electronic 
control system. 

25. The leverage dispenser according to clVim 24, wherein the electronic control 
system further comprises a replaceable battery to furnish the power levels required by the 
electronic control system in the event of a power interruption. 

26. / The beverage dispenser according to claim 25, wherein the electronic control 
system furtbfer comprises a battery controller that switches between the power supply and the 
replaceab/e battery. 
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27. The beverage dispenser according to claim / wherein the electronic control 
system further comprises a memory for storing time and/ate stamped sales, diagnostic, and 
service information. / 

28. The. beverage dispenser according toy6laim 1 , wherein the electronic control 
system further comprises a real time clock. / 

29. The beverage dispenser according to claim 1 , wherein the user interface 
comprises a lever activated switch. ^\ 

30. The beverage disp^r acceding to clai^f, wherein the user interface 
comprises a push button swijkft. / 

31. The be Wage dispenser According y/cl/im 1, wherein the user interface 
comprises a keypad /witch matrix. / 

32. We beverage dispenfeer acceding to £laim 1 , wherein the electronic control 
system furthey6omprises a refrig/ratio^ontrol for/interfacing the electronic control system with 
a refrigeratioA unit of the beverage dispenser. 

33. / The beverage disofenser according to . 
system further comprises a^rbonation control foi 
a carbonatio\^stem^ffhfe beverage dispenser. 

34. The beverage dispenser according to\ 
comprises a solenoid dperated valve. 

35. The bfeverage dispenser according to clai\l, wherein the valve interface 
comprises volumet/ic valve technology. 



claim 1, wherein the electronic control 
interfacing the electronic control system with 

claim 1 , wherein the valve interface 
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36. The beverage dispenser according to claim 1 , wherein the dispensing valve 
comprises any suitable pre- or post-mix valve capable of delivering a flow of beverage 



therefrom. 



37. 



A beverage dispenser, comprising: 
beverage dispenser components, comprisjdg at least: 
a user interface, 
a dispensing valve, anc 

a valve interface^- regulating the delivery o/a beverage from the 
dispensing valve; anc 
an electronic confrol system, comprising: 

a microcontroller for mon/toring th£ usfer interface and for activating the 
valve interface responsive to usok inpu/ thereby regulating the delivery off 
beverageyrrom the dispensing valve^ 

program memory inching firmware for controlling the microcontroller, 

and 

an interface to p£rm/t communicatidjn with external devices. 

38. The bevVagedi^nser according to claim ^7, wherein the interface comprises an 
RS-232 interface. 

39. A beverage dispenser, comprising: 
beverage dispenser components, comprising at least: 

a user interface, 
a dispensing/yalve, and 
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a valve interface for regulating the delivery of a beverage from the 
dispensing valve; and 
an electronic control system, comprising: 

a microcontroller for monitoring the user interface and for activating the 
valve interface responsive to user input, thereby regulating the delivery of; 
beverage from the dispensing valve, 

a program memory including firmware for controlling the microcontroller, 

and 

a device interface that people electroniAontrol system to monitor and 
control a wide variety of deyfces attached to theybeverage dispenser. 
A beverage dispenser, comprising/ 
beverage dispenseyfcomponents/comprisj^at least: 

a user interface, 

a dispensing valve, a*id 

a v^lve interface fof reflating tlie delivery of a beverage from the 



dispensin 



; valve; and 



an electronic contn^g^stem, comprising. 

a microcontroller for monitoring tHe user interface and for activating the 
valve interface responsive to user input, therefe^ regulating the delivery of a 
beverage from thar dispensing valve, 

a progra^/h memory including firmware for controlling the microcontroller, 

and 

a modem to permit communication with remotely located external devices. 
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41. A method ofdesigning a beverage dispenser or re-configrf?ing an existing 
beverage dispenser, comprising the steps of: 

providing beverage dispenser components, comprising at least: 
a user interface, 
a dispensing valve, and 

a valve interface for regulatin^h^Seli>^ry of a beverage from the 
dispensing valve; 

providing an electronic corffrol system, comprising: 

a microcontroller for monforintf the user interface and for activating the 
valve interface re^onsive to user in^t, thereby regulating the delivery of a 
beverage frorr/the dispensingvalv/and 

a pc6gram memory/inclining supervisory control firmware, dispenser 
tasks firr/ware, and low/eve/drijers firmware for controlling the 
microcontroller; and 

modifying the low IeWdrivers firmware to interface the microcontroller with the 
beverage dispenser components. 

42 . The n\ethodj>fy4signing a beverageNtispenser or re-configuring an existing 
beverage dispenser according^ claim 41, further compriW the steps of: 

substituting/one beverage dispenser component for^nother similar beverage 
dispenser component; and 

modifying the low level drivers firmware to interface the microcontroller with the 
substituted beverage dispenser component. 
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43. The methoTbf designing a beverage dispenser/r re-configuring an existing 
beverage dispenser according to claim 4 1 , further comprising the steps of: 
adding a beverage dispenser components; 

modifying the low level drivers firmware to interface the microcontroller with the 

added beverage dispenser component; / 

adding a dispenser tasks firmware statejnachine; and 

modifying the supeivisory cc/tfol firmware tolcall the added dispenser tasks 

firmware state machine. / / n 

44. The method of de/gning 7 a beverage dispenser or re-configuring an existing 
beverage dispenser accordtofe to clan/ 4 1 , further co^rising the steps of: 

substituting one vaWe interface forefather valve interface; and 
modifying the \Jn level drivers/firAiware to interface the microcontroller with the 
substituted valve interface. / / 

45. The method k designing/ beverate dispenser or re-configuring an existing 
beverage dispenser according to clajifi 41, furthej comprising the steps of: 

/ inputting ratio control parameters Associated with a beverage dispense into the 
program memory; ana \ 

^od^ing a beverage dispense state machine of the dispenser tasks firmware 
utilizing the inputted ratio control parameters. 

46. JThe method of designing a beverage dispenser\re-configuring an existing 
beverage dist/enser according to claim 41, further comprising the ste>qf substituting components 
of the valWinterface, thereby changing the dispense ratio through physical means. 
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47. The methoT of designing a beverage dispem/er or re-configuring an existing 
beverage dispenser according to claim 41, further comprising the steps of: 

substituting electronic control system hardware for existing electronic control 
system hardware; and 

modifying the low level drivers fir 
control system hardware. 

48. A method of receiW user inout into a beverage dispenser, comprising the steps 



of: 



rSlo interface the substituted electronic 



providing beverage disp/nser, comprising 
a push-button switch, and 
an electronic control systemwcoi^prising: 

a mkfrocontroller/or cc/ntrolling the push-button switch, and 
a program memory including a switch state machine for 
controll/ng the rmyrocontrollfr, wherein the switch state machine includes 
an ofy state and an on state; 

Ef the microcontroller; 
Dush button switch; 
iepression of the push-button 



calling the /witcl/state machine to a 



switch; 



receiving in the on state via the push button switch user input for use by the 
beverage/dispenser; 

/changing from the on state to the off state upon the release of the push-button 
switch; and 
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relinquishiflgcontrol of the microcontroller whe/ there has been no change of 
state, immediately upon a change of state, or upon th^xpiration of a preset time period. 

49. The method of receiving user input into a b/erage dispenser according to claim 
48, further comprising the steps of: 

providing the switch state machine inc/uding a masked state; 
changing from the on state to the m Aed^te^X the push button switch has 
remained depressed longer than a maxMm time period; an] 

changing from the masked^t/to the off state upon /e release of the push- 
button switch. 

50. A method of outputting intonation from a bey//ge dispenser to a user, 
comprising the steps of: 

providing /beverage dispenser, comprising: 
f user interface device, and 
r an electronic control system, comprising 

a^icroconWler for controllinglthe user interface device, and 
i program memory including a user interface state machine for 
contMllipgihe microcontroller, wherein tHe user interface state machine 
includes an activate state and a deactivate sta 
calling the user interface state machine to assume contJbJ of the microcontroller; 
monitoring in the activate state for a condition requiring thVactivation of the user 
interface device; 

act/vating the user interface device upon the detection of a condition requiring the 
activatiort of the user interface device; 
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changing Tfom the activate state to the deactivate state after activating the 
interface device; 



user 



monitoring in the deactivate state for a condition requirj/g the deactivation of the 
user interface device; 

deactivating the user interface device upon the detection of a condition requiring 
the deactivation of the user interface device; 

changing from the deactivate stat^Jerfffe activ/te state after Reactivating the 
interface device; and 

relinquishing control^ the microcontroller when thereifa/been no change of 
state, immediately upon/change of state, or u/on the expiration of a preset time period. 
51. A method of dispensing a beverage f/om a beverage iispenser, comprising the 



user 



steps of: 



providing a beverage dispensers/comprising: 
/a dispensing valve 

a valve interface for/regulating th/delivery ojf a beverage from the 
dispensing valve, and 

an electronic control sysfem, comprising: 

ocontroller for controlling the val^e interface, thereby 
regulating the delivery of a beverage from the dispensing valve, and 

rogram memory including a dispense state mabhjne for 
controlling the microcontroller, wherein the dispense state machine 
includes a detect dispense 
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calling the dispense state machine to assume control of the^icrocontroller; 
detecting in the detect dispense state whether a dispenser has been requested; 
changing from the detect dispense state to the dispense state upon the request of a 
dispense; 

activating in the dispense state the valve inte^kceto deliver a beverage from the 
dispensing valve; 

changing from the dispense staje to the dispense ove/state upon the activation of 
the valve interface; 

monitoring in the disa^nse over state whether/the/iispense request has been 
discontinued, whether a preset volume o/beverage hasyoeen dispensed from the 
dispensing valve, or whether a preset time peciod has expired; 

changing from the dispense <Dver sj&te to the stop dispense state upon the 
discontinuing of the dispense reqidestyGie dispensing of a preset volume of beverage from 
the dispensing valve, or the expiration of a preset time period; 

deactivating in the st&p dispense state the valveSmterface to stop delivery of a 
beverage from thedtspens(ng valve; 

changing from tMe stop dispense state to the detect dispense state upon the 
deactivation of the valve interface; and 

relinquishing control of the microcontroller when there has been no change of 
state, immediately upon a change of state, or upon the expiration of a preset time period. 
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52. A method of external communication to a beverage dispenser, comprising the 
steps of: 

providing a beverage dispenser, comprising: 

an electronic control system, cojnj55fsing: 

an interface to permit communication With an external device; 
a microcontroller for Controlling theanterface, and 
a program memor/ including arr interface state machine for 
controllirfg the microcontroller, wheyfeinrthe interface state machine 
includes a message 9tate and a recei/e state; 
calling the interface state/machine to aspftme control of the microcontroller; 
determining in the me/sage state wj^ethjer an external device contains information 
for the beverage dispenser/ 

langing from the message/^tate to th& receive state when an external device 
contains information for the beverage dispenser; 

inputting vja the ijnerface information prom an external device to the beverage 
dispenser; 

Ch&rr^jkg from the receive state to the mesWe state upon the completion of 
informatior^input from an external device to the bevefcage dispenser; and 

relinquishing control of the microcontroller when mere has been no change of 
state, immediately upon a change of state, or upon the expiration of a preset time period. 
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53. A method of external communication from a beverage disperiser, comprising the 



of: 



providing a beverage dispenser, comprising: 

an electronic control system, comprising: 

an interface to permit communicgftion with an external device; 
a microcontroller for controllifi&til^ interface, ffod 
a program memory includ^fig an interface stat^ machine for 
controlling the microcontrallei/ wherein the interface state machine 
includes a message stme an<a a transmit state; 
calling the interface state/machine to assume control oMhe microcontroller; 
determining in the message state whether the beverage dispenser contains 
information for an external device: 

changing from £ne message state to the traijgmit st^te when the beverage dispenser 
contains information for an external device; 

outputting vija the interface infornjmion from th^ beverage dispenser to an 
external device; 

changing froi^^RTErtfahsmit state to the messagel state upon the completion of 
information outpuf from the beverage dispenser to an external device; and 

relinquishing control of the microcontroller whenVhere has been no change of 
state, immediately upon a change of state, or upon the expiration of a preset time period. 
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54. 

the steps of: 



A method of remote external communicatioi/ to a beverage dispenser, comprising 



providing a beverage dispenser, comprising: 

an electronic control system, comprising: 

a modem to permit communication with a remote external device; 
a microcontroller far^OR&eUing the modem, and 
a program memory including a modem state machine for 
controlling > p*e microcontroller, whepin (the modem state machine 
includes a message state and a receive state; 
calling th^modem state machine to assume control of the microcontroller; 
deternafining in the mes/age state wh^fhyr a remote external device contains 
information for the beverage dispenser; 

changing from the/message st^e to thfe receive state when a remote external 
devic^ contains information for ther beverage/ dispenser; 

inputting via j/ne modern information from a remote external device to the 
beverage dispenses 

changingm#fn the receive state to the 
information input from a remote external device to the beverage dispenser; and 

relinouishing control of the microcontroller when there has been no change of 
state, immediately upon a change of state, or upon the expiration of a preset time period. 



message state upon the completion of 
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55. A method of remote external communication from a beverage dispenser, 
comprising the steps of: 

providing a beverage dispenser, compr/sing: 

an electronic control system, Comprising: 

a modem to permit ^ommyniQation with a remote external device; 
a microcontrollerlor controllinguhe modem, and 
a progranvmemory including a modem state machine for 
controlling^ microcontroller, wh&ein the modem state machine 
includes a message state and a transmit state; 
calling the/modem state machine to assume control of the microcontroller; 
determining in the message state *vhetper the beverage dispenser contains 
informatioiyror a remote external device; 

changing from the mfessage state to tlie 
contain/ information for a/reja^ote external device; 

from the beverage dispenser to a remote 



transmit state when the beverage dispenser 



butputting via tljp modem information 
externalMevice; 

changing froxA the transmit state to thA message state upon the completion of 
information output from the beverage dispenser to a remote external device; and 

relinquishing control of the microcontroller when there has been no change of 
state, immediately upon a change of state, or uporkthe expiration of a preset time period. 
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56. A frozen cooling fluid monitoring system, oomprising: 



a first probe immersed in a cooling fluid; 
a second probe immersed in the cooling flv/id; 
a ground probe immersed in the cooling fluid; 

a controller coupled with the first probe and the second probe, wherein the 
controller outputs a pulse signal received at the/first probe and the second probe, 
whereby, when both the first probe and the second probe are submerged in frozen cooling 
fluid, the controller receives a puli^signal indicating a sufficient amount of frozen 
cooling fluid, and, when the^ffrst probe is s/ubmerged in frozen cooling fluid and the 
second probe is immersed in unfrozen cc/oling fluid, the Anilse signal is attenuated to 
ground via the gr<j*fnd probe indicating^ the controller an insufficient amount of frozen 
cooling fluid. 

57. A njethod of controlling a re/rigeration^ 
the steps of: 

)roviding a beverage dispenser, c^mprisijig: 

a refrigeration unit including a frozen cooling fluid monitoring system; 

an electronic/control system, comprisir 

^refrigeration control to permit interfacing with the refrigeration 

unit; 

/a microcontroller for controlling the refrigeration control, and 
a program memory including a refrigeration state machine for 
controlling the microcontroller, wherein the refrigeration state machine 



t of a beverage dispenser, comprising 



and 
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includes an off state, an unfrozen probesAtate, an on state, a frozen probes 

state; / 
calling the refrigeration state machine to assume control of the microcontroller; 
deactivating in the off state the refrigeration unit via the refrigeration control; 
changing from the off state to the unfrozen probes state; 

determining in the unfrozen probes itate via the frozen cooling fluid monitoring 
system when there is insufficient frozen A^ofelfTIuid;^\ * 

changing from the unfrozen probes state to the on state when the frozen cooling 
fluid monitoring system/registers tWat there is insufficient frozen cooling fluid; 

activating in the on state me refrigeratioEf unit via the refrigeration control; 

changing from the on state to the frozen probes state; 

determining in the frozen probes sffate via the frozen cooling fluid monitoring 
system When there is sufficient frozer/coolTing fluid; 

/changing from the frozen probes state to the off state when the frozen cooling 
fluid monitoring system registers that th€ re is sufficient frozen cooling fluid; and 

Relinquishing comrol of the microcontroller when there has been no change of 
state, imn^ratew upon a change of state,\)r upon the expiration of a preset time period. 
58. The method of controlling a refrigeratiW^init of a beverage dispenser according 
claim 57, further Comprising the steps of: 

providing the refrigeration state machine including an off timer state; 

Activating in the off state an off timer; 
/ changing from the off state to the off timer state prior to changing to the unfrozen 



pmpes state; 
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determining in the off timer state'when the off timer expires; and 
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to the unfrozen probes state upon the expiration 



xigeration unit of a beverage dispenser according 



changing from the^ 
of the off timer. 
59. The met 
to claim 57, further c^ 

activaUn^i2>tKe on state an on timer; 

determining in the frozen probes state if the on timer has expired; and 
'changing from the frozen probes state to the off state upon the expiration of the on 

tirfier. 



60. A liquid level $ionitoring system, comprising: 
a first probe extending into a liquid container; 
a second probe emending into the liquid container; 
a ground probe attached to the liquid container; 

a controller coupled Vith the first probe and the second probe, wherein the 
controller outputs a pulse sigr^l received at the first probe a nd the sec on d probe, 
whereby, when both the first prabe and the second probe are not contacted by liquid in 
the liquid container, the controlle\receives ajpulse signal indicating an insufficient 
amount of liquid in the liquid container, and, when both the first probe and the second 
probe are contacted by liquid in the lreiuid container, the pulse signal is attenuated to 
ground via the ground probe indicating) the controller a sufficient amount of liquid in 
the liquid container. 
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61. A method of controlling a carbonation sys/em of a beverage dispenser, 
comprising the steps of: 

providing a beverage dispenser, compr/sing: 

a carbonation system including a liquid level monitoring system; and 
an electronic control system; comprising: 

a carbonation cont/ol to permit interfacing with the carbonation 

system; 

a microcont^6ll6r for controlling the carbonation control, and 
a program memory including a carbonation state machine for 
controlling the microcontroller, whereinM(he refrigeration state machine 
includes an off state, a probes exposed /tate, an on state, a probes 
lexposed stated 

calling the carbonation state machine/o assiime control of the microcontroller; 
deactivating in the op state a pump of the carbonation system via the carbonation 

control; 

panging from th& off state/o the probes exposed state; 
determining in the probes exposed state via the liquid level monitoring system 



when there is insufficient liquid in the carbonatio 1 
Changing from the probes exposed state to 
monitoring system^egisters that there is insufficiei 



system; 

the on state when the liquid level 
t liquid in the carbonation system; 



activating m the on state the pump of the carbonation system via the carbonation 



control; 



changing from the on state to the probes unexposed state; 
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determining in the probes unexj^sed state via the liquid level monitoring system 
when there is sufficient liquidjn4he<6arbonation system; 

changing fmirfthe probe^unexMsed state to the off state when the liquid level 
monitoring system registers that ther© is sufficient liquid in the carbonation system; and 

relinquishing control of the microcontroller when there has been no change of 
sta^, immediately upon a change of state, or upon the expiration of a preset time period. 
52. The methoa of confrollini a carbonation system of a beverage dispenser 
acco/ding to claim 61/ftirthej/comprisipg the steps of: 
actiy&ting/ifi the on stat ; an on timer; 

d^tejrfiining in the probes unexposed state if the on timer has expired; and 
changing from the probes unexposed state to the off state upon the expiration of 
the>6n timer. 
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